While the more common forms of breast cancer are well understood and recognized, there are many important rare malignancies that are less appreciated. Many of these cancers have imaging findings that, when understood, help to formulate a more educated differential diagnosis. In this article, the clinical features, imaging, and pathologic findings of rare breast malignancies will be discussed.
INTRODUCTION
While the more common forms of breast cancer are well understood and recognized, there are many important rare malignancies that are less appreciated. Many of these cancers have imaging findings that, when understood, help to formulate a more educated differential diagnosis. In this article, the clinical features, imaging, and pathologic findings of rare breast malignancies will be discussed.
ADENOID CYSTIC CARCINOMA
Adenoid cystic carcinoma (AdCC) of the breast is rare, comprising approximately 0.1% of all breast malignancies. [1] Similar to AdCC of the salivary gland, this cancer has a low malignant potential. [2] The mean age of diagnosis is 60 years, and AdCC may present with a palpable mass and/or breast tenderness. [3, 4] In regards to imaging features, many are nonspecific, but there are common findings seen with AdCC. The typical mammographic appearance of AdCC is of an irregular or lobular mass with indistinct margins. Even though these tumors are not typically associated with calcifications, microcalcifications may occasionally be present. The ultrasound features of AdCC are variable and nonspecific with studies describing both well-circumscribed and poorly circumscribed masses with peripheral vascularity and heterogeneous echotexture [ Figure 1 ]. [1] A periareolar location is favored, but like other breast malignancies, involvement of upper outer breast is also common. [1, 4] Differential diagnosis of this tumor includes both benign and malignant etiologies, including fibroadenomas, medullary/mucinous carcinomas, and invasive ductal carcinomas of no specific type (NST ). [4] Pathology demonstrates three typical architectural patterns: Tubular, cribriform, and solid. [2, 5] There are two pathologic features that are characteristic of AdCC. The first of these is a true glandular space which contains periodic acid Schiff (PAS) positive material. The second is a pseudolumina which results from invagination of stroma surrounded by basal-myoepithelial cells. [2] Axillary metastases are rare; however, patients can present with distant metastatic disease. The most common site of metastatic disease is the lung. [4, 6] Treatment is typically mastectomy or partial mastectomy with local radiation. [1] With appropriate definitive therapy, recurrent disease is rare.
APOCRINE CARCINOMA
Apocrine carcinoma is a rare breast malignancy seen most commonly in women 40-50 years of age. The most common presenting clinical features are palpable breast masses and bloody nipple discharge. [7] Mammographically, apocrine carcinomas present as single or multiple irregular masses, oftentimes associated with microcalcifications. Ultrasound features of apocrine carcinoma are variable with descriptions of both solid masses with spiculated margins and complex cystic and solid masses [ Figure 2 ]. [8] A frequently described imaging feature of apocrine carcinoma is unilateral multicentric disease. [8, 9] The pathologic classification of apocrine carcinoma as a distinct type of breast cancer has been long debated. The most recent World Health Organization classification of tumors of the breast describes apocrine carcinoma as carcinoma with apocrine differentiation. [2] Many breast cancers have focal apocrine differentiation, but the amount of differentiation dictates classification into the distinct subtype of apocrine carcinoma. [2] Histologically, apocrine differentiation is defined as the presence of large cells with prominent eosinophilic cytoplasm, sharply defined cell borders, and large nuclei. [10] Furthermore, a pure apocrine immunophenotype is estrogen receptor (ER)/progesterone receptor (PR) negative and androgen receptor (AR) positive. [9, 10] The prognosis for apocrine carcinoma is similar to that of invasive ductal carcinoma NST. There have been studies demonstrating no significant difference in survival between apocrine carcinoma and invasive ductal carcinoma NST, as well as studies showing similar recurrence rates, with the time to recurrence longer in patients with apocrine carcinoma. [11, 12] Treatment considerations for apocrine carcinoma depend on specific immunophenotype. This is similar to treatment for invasive ductal carcinoma NST and continues to evolve. [9] LYMPHOMA Both primary and secondary involvement of the breast can occur with lymphoma. Lymphoma involving the breast can be unilateral or bilateral. Lymphoma is a rare cancer of the breast, comprising approximately 0.5% of breast malignancies. A large series of breast lymphoma cases described primary breast lymphoma in 61% of patients and secondary breast lymphoma in 39% of patients. [13] Patients with lymphoma most commonly present with painless palpable abnormalities, prompting imaging work-up. [14, 15] Imaging features of lymphoma involving the breast are similar to lymphoma affecting other sites and include circumscribed oval or round masses without associated calcifications or spiculated margins. These masses can be multiple and can mimic benign breast disease. [13] Patients can also present with global asymmetry and trabecular and/or skin thickening. Sonographic features of lymphoma include heterogeneous or hypoechoic round and/or oval masses with circumscribed or indistinct margins [ Figure 3 ]. [13] Differential diagnosis includes metastatic disease, and there are no reliable imaging features which can distinguish between lymphoma and metastatic disease involving the breast. Clinical history is very important in lymphoma cases. The diagnosis of lymphoma may be made with fine needle aspiration or core needle biopsy. Diffuse large B cell lymphoma is the most common histologic type involving the breast, with T cell rarely seen. On histology, tumors are composed of large cells with round-to-irregular nuclei and variably prominent nucleoli. [15] Treatment is systemic therapy, similar to that of lymphoma involving other parts of the body. Surgical excision is not performed, and the prognosis is similar to that of non-breast lymphoma.
NEUROENDOCRINE CARCINOMA
Carcinomas with neuroendocrine differentiation are rare and comprise <1% of all breast cancers. As all breast tumors are not tested for neuroendocrine markers, the incidence of neuroendocrine carcinoma may be underestimated. [2] Most patients diagnosed with neuroendocrine carcinoma present in the 60-70 year age range. [16, 17] Due to low number of cases, clinical features are not well documented. Patients with neuroendocrine carcinoma have been described as presenting with palpable masses and nipple discharge. [18] Mammographic features include oval, round, or lobular mass without associated calcifications. [17, 19] Masses are usually circumscribed with a minority of cases having spiculated margins [ Figure 4 ]. Neuroendocrine carcinomas are commonly ER positive, but imaging features are closer to those of triple-negative cancers. [17] Histology varies depending on the degree of differentiation, ranging from well-differentiated low-grade tumors to poorly differentiated high-grade tumors indistinguishable from small cell cancer of the lung. [2] The prognosis for neuroendocrine carcinoma has been described as similar to that of invasive ductal carcinoma-NST; however, a recent larger case series showed a poorer outcome for neuroendocrine carcinoma compared to invasive ductal carcinoma-NST. The degree of neuroendocrine differentiation may be an independent risk factor for poor clinical outcome. [20] A combination of chemotherapy, radiation therapy, and surgery is a typical treatment approach.
METAPLASTIC CARCINOMA
Metaplastic carcinoma includes a number of cancers which are characterized by dedifferentiation of cells into squamous or mesenchymal elements. [2] These cancers are uncommonly seen and comprise less than 1% of all breast cancers, typically affecting women above 60 years of age. [21] The most common mammographic finding in metaplastic carcinoma is a circumscribed high-density oval mass. [22] [23] [24] Sonographic findings include oval or irregular shape, heterogeneous echogenicity with cystic elements, and posterior acoustic enhancement, with posterior shadowing less common than in invasive ductal carcinoma NST [ Figure 5 ]. [22, 25] These differences between metaplastic carcinoma and invasive ductal carcinoma NST are noted by the fact that in some tumors with both metaplastic and invasive ductal components, the metaplastic component corresponds to the more lobular and/or circumscribed portion of the mass. [23] Differential diagnosis includes breast sarcoma, phyllodes tumor, invasive ductal carcinoma NST, and mucinous carcinoma. Many different components can be present in metaplastic carcinomas, including but not limited to, squamous cells, matrix-producing cells, spindle cells, and a true mesenchymal component. When evaluating metaplastic carcinomas, there is need for extensive sampling as metaplastic carcinoma needs to be differentiated from sarcoma due to treatment implications. [23] Treatment for metaplastic carcinoma includes surgical excision with radiation therapy. Currently, there is a limited role for chemotherapy. [26, 27] ANGIOSARCOMA Angiosarcoma of the breast is a rare malignancy which can be either primary or secondary. Primary cases arise in the breast parenchyma and comprise approximately 0.04-0.05% of primary breast malignancies. [2, 28] Primary angiosarcomas tend to present in younger patients compared to more common breast cancers, typically at an age of 30-50 years. Patients commonly present with palpable masses, sometimes having associated bluish skin discoloration due to the vascular nature of the tumor. [29] The most common mammographic appearance is a non-calcified, ill-defined mass or a focal asymmetry. [28, 29] As these tumors present in younger patients, these findings may be partially obscured due to underlying dense breast tissue. [29] On ultrasound, the imaging features include hypervascular masses with mixed echogenicity [ Figure 6 ]. [29] Secondary angiosarcoma is different in that it is typically seen in patients with a history of breast conservation surgery and radiation for breast cancer. Patients are older than those with primary angiosarcoma, with the typical age of presentation being between 60 and 70 years of age. Also, in contradistinction to primary angiosarcoma, the secondary form almost always affects the dermis of the breast. [29] Post-radiation angiosarcoma is rare, occurring in less than 0.5% of treated patients. [29] Patients most commonly present with palpable masses, usually not painful. [28] There is a latency period between the time of radiation therapy and the time of presentation, averaging around 6 years. The presentation tends to be skin discoloration with nodules or plaques. On mammography, the secondary form of angiosarcoma can appear as asymmetric skin thickening and/or trabecular thickening, or it can present with a mass if the cancer is parenchymal in origin. [29] Ultrasound often shows findings that can be confused with post-radiation change. Therefore, clinical examination findings and history are very important. Treatment typically involves mastectomy with chemotherapy. There is a limited role for radiation. The prognosis is variable and depends on the grade of the tumor. Also, patients with secondary angiosarcoma tend to have a poorer clinical outcome compared to patients with primary angiosarcoma. [29] 
METASTATIC DISEASE
Metastatic disease to the breast is rare and comprises approximately 1.7-6.6% of all breast malignancies. The reason for this large variance is due to the inclusion or exclusion of lymphoid malignancies as true metastatic disease. [30, 31] The most common type of tumor to metastasize to the breast is melanoma. Patients with metastatic disease to the breast tend to be premenopausal and female. This is felt likely to be a result of the effect of circulating estrogen on breast vascularity. [31] Patients commonly present with palpable lumps, thought to be due to the relatively superficial subcutaneous location of the metastases. [32] Imaging features of metastatic disease are variable given the wide variety of primary tumors, but there are still findings which can be helpful in the differential diagnosis. On mammography, patients can present with single or multiple unilateral or bilateral masses. Typically these masses are small in size, measuring less than 2 cm. An important feature that is not normally seen with metastases is calcification. The presence of calcifications in a lesion strongly argues against metastatic disease with a few exceptions, including ovarian, thyroid, and mucin-producing primary cancers. [30, 33] Sonographic findings in metastatic disease are variable with the most common feature being a hypoechoic irregular mass [ Figure 7 ]. Clinical history is very important in these patients, as several low-grade or benign processes in the breast can have similar findings. [34] A second imaging pattern that can be seen with metastases is a diffusely infiltrating mass that can mimic inflammatory breast carcinoma. This can be seen with metastatic gastric cancer and contralateral breast cancer. [30] Ancillary imaging tests can also be beneficial. For example, nuclear medicine octreotide scans, which utilize a somatostatin analog, can help diagnose metastatic carcinoid tumors. Treatment of metastatic disease involving the breast depends on the primary tumor, and the prognosis is generally poor when the primary lesion is a solid tumor.
CONCLUSION
Through this pictorial essay, several rare malignancies of the breast have been described. Understanding the varied imaging and pathologic features of these tumors will help to formulate a differential diagnosis and establish imaging-histopathologic concordance.
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